tations of idiopathic steatorrhoea. On biopsy the jejunal mucosa was abnormal in every case.
Fifteen patients were studied before and after a gluten-free diet (Table I ) and eight were studied on a gluten-free diet and after gluten loading (Table III) .
Materials and Methods
Biopsy of the upper jejunum just beyond the duodeno-jejunal junction with a Crosby capsule under fluoroscopic control showed an abnormal mucosa in each of the 15 cases in which it was performed before treatment. Jejunal biopsies were obtained in 16 patients while they were on a gluten-free diet (Table I ) and in eight patients after subsequent loading with gluten (Table III) . Each biopsy specimen was mounted, mucosal surface uppermost, on a piece of duplicating paper, and promptly fixed in formol-saline and examined at once with a dissecting microscope under x 10 magnification (Holmes, Hourihane, and Booth, 1961) . The mucosa in the biopsy specimens was classified as follows: predominance of finger-like villi; predominance of leaf-like villi; convoluted ridges (partial villous atrophy, the initial state in three patients); flat (subtotal villous atrophy, the initial state in 14 patients). Sections were cut at 900 to the surface, and stained with haematoxylin and eosin for the measurements and by the Feulgen method for mitosis counts. Measurements of the biopsy specimens were made by one of us (D.J.P.) without knowledge of the patients' clinical details or their diet. An eyepiece micrometer was used to measure villous height and width, mucosal thickness, and epithelial surface cell height. In those patients with partial villous atrophy the ridges appeared in the sections as villous-like projections and were measured as such. At least 10 villi were measured in an area in which the plane of section was perpendicular to the surface. Villous height was taken to be the distance from the tip of the villus to the bottom of the crypt, and villous width was measured at the widest point of the villus above the base. Measurement of villi was considered impossible in the absence of 10 suitable villi. Measurements of surface cell height were taken near the tips of villi when present or from the surface as distant as possible from the openings of the crypts. Twenty suitable cells, chosen because of centrally placed basal nuclei indicating perpendicular section, were measured in each case. The mucosal thickness was measured from the mucosal aspect of the muscularis mucosae to the openings of the crypts. Epithelial mitosis counts included a thousand consecutive cells from the bases of crypts to the tips of the villi, or along the surface when villi were absent. Only easily recognized cells in mitosis were recorded. In a few cases no suitable area for mitosis counts could be found. An estimate was made of the number and character of the inflammatory cells both in the mucosa and passing through the surface epithelium. Not done' Not done2 2-5 2-1 2-9 1-6 2-5 2-0 4-2 2-6 Not done2 2-0 1-6 2-0 1-6 1*4 Period I 1-7 1-1 0-7 (2-1) in the course of another study (Stewart et al, 1967) were regarded as the normal range and correspond closely with the figures of Doniach and Shiner (1957) and of Chacko, Job, Johnson, and Baker (1961): villous height, 312-434 ,; villous width, 102-146 ,u There is an infiltrate ofplasma cells in the mucosa. Surface cell height 1441 g (x 160, haematoxylin and eosin, S 4). Appearance of mucosal surface In nine patients the dissecting microscope appearances of the mucosa improved: in two from flat to leaf-like villi, in five from flat to of the cells before loading (Table III) . However convoluted villi, and in two from convoluted to in the two instances where the surface cells had leaf-like villi. None of these changes took place become normal there was the largest reduction in in less than six weeks. on a gluten-free diet and subsequent deterioration on gluten loading is illustrated in case 2 (Figs. 3, 4, and 7 (Table II) . It was delayed, although in the end as frequent, for villous height and width. However, although the items measured improved in most of the patients, only a minority of them returned to normal and in no patient did the mucosa become histologically normal in every respect. Bayless, Yardley, Norton, and Hendrix (1962) found marked improvement in surface cell height in two patients after seven days on a gluten-free diet. Yardley et al (1962) hours of the instillation of gluten into the ileum. It has been suggested that carcinoma outside the small intestine may be causally associated with jejunal mucosal atrophy (Creamer, 1966) . The jejunal mucosa in our patient with carcinoma of the larynx (case 12) showed good responses both to a gluten-free diet and to gluten loading, strong evidence that, whatever the nature of the association between these two conditions in her case, she was certainly gluten sensitive.
Changes found on serial biopsy of our patients could not be explained by variations in the level at which the specimens were obtained for they were all taken from the upper jejunum.
It has been suggested (Frazer, Schneider, Morgan, and Sammons, 1964) that if idiopathic steatorrhoea is due to sensitivity to gluten, criteria for its diagnosis should reasonably include demonstrable improvement on a glutenfree diet, and deterioration on subsequent gluten loading. These dietary manoeuvres may not be easy to carry out and will usually be time consuming. Few patients may keep to the diet rigidly for a long period of time. In common with others we have found patients with this condition who are at least partially unresponsive to the diet (French, Hawkins, and Smith, 1957; Buchan, Marko, and Gerrard, 1958; Green, Wollaeger, Scudamore, and Power, 1959; Sleisenger, 1961; Cooke, Fone, Cox, Meynell, and Gaddie, 1963; Shiner, 1963; Bolt et al, 1964; Benson, Kowlessar, and Sleisenger, 1964; Stewart et al, 1967) . Some of these patients probably failed to keep strictly to the diet. Steatorrhoea may be absent before treatment, and when present it is often so variable in degree that clinical and laboratory assessment must be continued for many weeks to measure response. Many patients and laboratories find numerous faecal fat estimations an intolerable burden. After gluten loading steatorrhoea may not reappear at once, or at all, and the patient's clinical state may sometimes be unaffected. Furthermore individual abnormalities improve on a gluten-free diet at different rates in different patients. Case 4 felt better, lost the steatorrhoea, gained 10.6 kg in weight, and the folic acid absorption became normal, but the glucose absorption improved very little. Case 6 persisted with a gluten-free diet for many months three times. She always felt better on it and gained weight (up to 5.5 kg), but not until the third attempt was steatorrhoea lost; even then folic acid absorption was only slightly improved and daily faecal weight remained high at 300 to 800 g per day (normal 60 to 250 g; Harrison, 1957 (Weijers and van de Kamer, 1955 and Payne and Jenkinson, 1958) . The results of our work, and of others, suggest that if the patient can rigidly adhere to a gluten-free diet for about three weeks the presence or absence of improvement in surface cell height, mucosal thickness, and mitosis count will be a reliable index of gluten sensitivity. Conversely, on biopsy after subsequent gluten-loading, deterioration of the mucosa may be obvious within a week (mainly in surface cell height and mucosal thickness). Observation of the changes described may be particularly useful in clarifying aetiology in the patient suffering from idiopathic steatorrhoea whose clinical state and steatorrhoea do not improve on a gluten-free diet. Such measurements may also be of value in elucidating the nature of jejunal mucosal changes in patients who have other disease (Townley, Cass, and Anderson, 1964; Johnstone and Adams, 1964; Creamer, 1964 and Gjone, Myren, and Refsum, 1965; Lee, 1966; Fry and McMinn, 1966; Marks, Shuster, and Watson, 1966; Shuster, Watson, and Marks, 1968 The biopsies were taken in three treatment periods, I, II, and III, as well as in the pretreatment period, P, andin the gluten loading period, G. The changes in the mucosa were analysed for the intervals from P to each of I, II, III, and G; from I to II; and from III to G. None of the patients had a biopsy in every one of the five periods and some patients had more than one biopsy in a given period. These replicates were deleted so that, at most, one biopsy was recorded in each period, the dates being chosen so as to equalize the time intervals as much as possible.
The changes in the mucosa over the various intervals were analysed separately and each average change between two time periods was tested for significant difference from zero by use of the t distribution. In each test the average change was calculated using all the data that were available for that comparison. Single-tailed tests were used throughout as there was prior knowledge about the direction of possible change in each case.
Results

SURFACE CELL HEIGHT
The initial average increase in height after one period of treatment was 6.56 ,u (p < 0001). There was no significant change from periods I to II but the overall increases from pretreatment to period II and to period III were both significant, being 6.23 ,u (0-02 < p < 0-05) and 1068 , (p < 0.001) respectively. Gluten loading resulted in a significant decrease of 5.50 g (p < 0.01), but the mean height was then still greater by 3 50 , than before treatment with a gluten-free diet, averaged over cases 2, 3, 4, 5, 14, and 15.
MUCOSAL THICKNESS
There were significant decreases in thickness from pretreatment to period II of 103.7 ,g (p < 0.02) and to period III of 135.8 ,u (p < 0-001). Gluten loading resulted in a significant increase in thickness of 501 ,u (p < 0.01), but the thickness was still 102.5 ,g less than before treatment with a gluten-free diet, averaged over cases 2, 3, 4, 5, 14, and 15.
MITOSIS COUNT
The observed decreases in the count from pretreatment to treatment periods I, II, and III were 0'67 (0.02 < P < 005), 043 
